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X-RAY PHOTO SYs"rLb1 ?OR H I G H  

VLLOCI'I'Y F'RI3.Z F L I C H T  ,?IIODELS 

By John LI. Martens 

Nat ional  Aeronautics and Space Adn;inistration 
h e 6  Rrsevc i i  Center  

Mot'fett 'Field,  C a l i f . ,  U .E A .  

S e v e r 4  mcthous have been used i n  t h e  Free-Flight ranges for 
d e t e c t i n g  rap id ly  moving test models of various s i zes ,  either for 
direct ve loc i ty  vleasurcmcnts o r  t o  trigger photographic systems. 
The most c m o n  method is the transmission kype o p t i c a l  photo beam, 
eith--r  as tl single-pass , or as a multigle-pass l i g h t  c u r t a i n .  
methods used are t h e  breakwire, clcctroetatic o r  magnetic pickups, 
l i g h t  emission f'rorn a n  aerodynamically heated rnodr.1, and pressure 
transducers which respond to the shock wave from t h e  mo r i n g  model. 

Other 

A l l  of  these detecbion metnods encounter d i f T i c u l t i e s  under 
c e r t a i n  condi t ions .  
light from t n e  launch system, as w e l l  as shock waves and 3 i 5 h t  emitLed 
f'roln t h e  model, i n t e r f e r e  with the photo-beaq. 
l ight  increase) rtle',hods are s e n s i t i v e  t o  t h e  same disturbances, and 
are further l i m i t e d  by the large v a r i a t i o n  i n  i n t e n s i t y  of emit ted l i g h t  
k o m  the  model, depending on t e s t  condi t ions .  
wires is that they  i n t e r f e r e  with t h e  model t r a j e c t o r y .  
magnetic pick-ups ase not very precise. 
d e t e c t i o n  methods, the output amplitude and t h i n g  vary greatly with  
t e s t  condi t ions .  

For transmission optical photo-beams, smoke and 

Light  emission ( o s  
' 

A disadvan5age of break- 
E l e c t r i c  and 

With pres's;ure t.ransducer 

, A problem ex i s t ed  i n  a high-apeedmodel-launch system for which 
these methods of model de t ec t ion  were Emaatisftlctory. 
laadel-sabot separation was suspected as the cause f o r  o f f - t r a j e c t o r y  
f l i g h t s  . Further stuav of ;he model-sabot separation phenomena required 
photographs t o  be taken at the launch muzzle exit. However, lic&t. and 
smoke fl-m the launch system negates use or' optical photo-beam de tec t ion  
methods and a l s o  liet pho€ography. 
X-ray t r igger  beam and X-ray f l a s h  phoiography system was considered 
and i t s  developmelit undertaken. 
shock waves, and amoke from t h e  launch gun. It has  a fast response 
and is therefore a p r e c i s e  trigger. 
t h e  trigger syst;em. 
i s  t h a t  a model more dense than i t s  sabot w i l l  be visible  wlthfn i t s  
sabot. 

Improper 

It' was for this p m o s e  that t h e  

Such a system is i n s e n s i t i v e  Lo light, 

Also,  t h e  model i s  unaffected by 
A further aavantaoe of t h e  flash X-ray photograph 
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The X-ray photo @stem used i n  the Ames Free F l ight  f a c i l i t i e s  
c o n s i s t s  e s s e n t a i l u  of two X-ray systems, t h e  X-ray trigger system and 
t h e  iiigh voltage flash X-ray photographic system tihow i n  block 8iagf'am 
i n  fiqure I. 
0-20 KV, which ggnerates a steady X-ray bean across the model path, a 
s c i n t i l l a t i o n  photo-multiplier detector i n  the t-eam pakh, a dc preamp 
to amplify the detector putput ,  and A Schmidt-trigger thyra t ron-gulscr  
to' generate the i r i g g e r  pulse f o r  the 

The X-rtz;. t r i g g e r  system c o n s i s t s  o f  an X - r a ~ l  generaJor, 

vo l tage  flash X-ray un i t .  

The X-ray t r i g g e r  beam generator  uses a Machlett EG 2.93 X-ray 
tube,  r a t e d  at, 25 KV and 10 milliamps. 
beryllium t ransmission window are at, ground p o t e n t i a l .  The tube is  
enclosed i n  a 3" diameter housing, a cmcent,rlc brass tube within the 
3" housing car ry ing  filament, cur ren t  from t h e  cable  entrance t o  the  
X-ray tube filament. O-ring seal; are used to make t h e  hclPifiinq oil 
t i g h t  po that i t  may be Ml led  w i t h  t r m s f o m e r  oil far adequate cooling 
of the unlt during coritinuaus operat ion.  
cor r t ro l led  by a var iac  supplies fi lament current f'or the X-ray, tube. 
DC i s  needed because experimelit showed the  heat capacity of the  25 3 
filamcht; i s  so l o w  tila', a. 60 cycle Pil. sourcc imposes considerabQ 
l 2 0 - c ~ c l e  modulation on t n e  X-ray tlrlgqer bean. T h e  X-ray t r i g g e r -  
beam generator  is powered by a 0 to 30 KV, 25 milliamp power supply. 

The f i lament  and the t h i n  8 

An 8 amp, 5 ' v o l t ,  dc source 

. q4 ck,& 1" diameter. I t s  l i g h t  output is monitored by a ten-stage 
p @%@niltiplicr. The e l e c t r i c a l  s igna l  thus generated is fed iato'a 
t m h s i s t o r i z e d ,  dc amplifier with an output impeddnce.lbv e n o q  t o  
dr j#k  a 70 foet, 100 ohm c&x line leading t o  the  ScWidi t r i g g e r  
cir&t. ,. yhe dc signal a f f o r d s  a convenient way t o  set, up the trigger 
intr$&ty"Jwt p r i o r  t o  m o d e l  launch. 
a tk;yraton'pnrlser which in turn t r igge 'h  the  h i g h  voltage f 4 s h  X-ray 
equipanent . 

The X-ray t r i g g e r  beam de tec to r  u6e6 a Ha I-Th c r y s t a l  1/16" 

The Schmidt t r i gge r  output T i r e s  

Included is an X-ray alarm and high vol tage  con t ro l  system which 
operates a b e l l  and flashin,: l i g h t  for 1 0  seconds before  and during 
the. period &en e i the r  the X-ray t r i g g e r  beam high voltage, o r  the  
flash X-ray high vol tage is on. Irlcluded ale0 is a high voltage pulse 
genera tor  which, when t r i gge red  by a t e s t  button, cuts o f f  the X-ray 
beam momentarily, thus  s imulat ing passage of a model through the beam. 
This affords a check on t h e  AC response of t h e  de tec to r - t r igge r  system. 

A flash X-ray sys~;c?m by Field Emission I w .  is used tm take X - r a y  

9 photographs of the model and sabot i n  f l i g h t .  
pulse of approximately 30 'anoseccnds dura t ion  and intensity up to 10' 
roPnt,gcns/sec, at vclta,;te 
amplifier provides a 12  h-V deltqyed pulse s u f f i c i e n t  t o  t r lgc i -  'the 
f lash X-ray unit. T h e  delay i; v a r i a b l e  from 0 t o  1,000 z$crosecords 
q d  is couv'eqient f o r  takin2 pic+uures up to a f e w  feet  domstream frcm 
We X - r a y  t r i g g e r  beam. 

It provides an  X-ray 

from 50 KV to 105 KV. A delzyed 5rigger 
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The hi& voloc i ty  X-ray photo system bullt  a t  Ames U L I l i Z e 6  two 
X - r a y  trigger be<ms and two independently t r iggered Flash X-ray units; 
thus allowing two widely spaced X-rtiy photographs of  t k i e  nodel in f l i g h t .  
Tile two X-ray t r i g g e r  systems u t i l i z e  the same 30 KV: 25 ma supply but 
are otherwise independent. 
with t h i s  urdt One good launch and one pocr launch are shown. 

Figure 2 show sample photographs 0-vtained 

Experience with this equipment bas shown that considerable care 
i n  alligrlment of the X-ray t r i g g e r  beam and adJustmcnt of parameters 
i.8 necessary t o  achieve r e l h h l e  results.  
p l a s t i c  models are fired i$ our Supersonic free Flight Range. !Their 
absorptidn  coefficient,^ f o r  20 hV X-rays are low, but increase rapidly 
a6 t h e  X-rG VQltage i s  reduced Eo abou+, 14 €3. 
signal depends upon absorption of ;he primary t r i g g e r  beam by t h e  model, 
cfioicC o f  X-ray voltage i s  impor tan t .  There i s  also an appreclable 
statist ical  noise inherent i n  the X-ray t r i gge r  beam. Accepted p rac t i ce  
is t o  experiment with a given model material t o  determine thc: optimum 
X-ray vol tage ,  i n t e n s i t y ,  and de tec tor  s e n s i t i v i t y  Yor ihe highest 
signal, t o  noise ratio as the model interrupts the beam. 
care in allignment of t he  trigger berm and adJustment or' the e1ectTo:iic 
parameters, and with .the trigger beam placed a few jnches  i n  f r o n t  of 
the launch muzzle, loog6 r e l i a b i l i t y  ha6 been achieved. 

Plastic sabots and often 

Since the trigger 

With praper 

A direct result 01' the noise content i s  t h a t  use of the instkzrment 
is re8tri6t;eU to the arm near the-launch muzzle wkiL-lc.re %he  model i s  
sure to  i n t e r r u g t  ez large fraction of the X - r a y  t r i gge r  beam. 
spread in the possible model traJeci2ory fur ther  domisLream requires 
a wider X-ray t r i g g e r  beam, r ~ s u l t i n g  iq an unacceptably low siwal- 
Lo-noise r a t i o .  , 

The 

Regarding t h e  f lash  h i 3 h  X-ray voltage system, experience has s h m ~  
t h a t  good c d r a s t  X-ray photomaphs are obtained over the 8~ KV to 
100 KV Pdnge f o r  all t h e  models and sabot nake r i a l s  used so f a r .  

h 

A method of model decectian 'using scattered X-rays rather t h a n  61: 
Ynterupted X-ray beam, has been considered. 
an improvement i n  the  s i g n a l  t o  noise r a t i o .  
much farther downstream from the l aunch  gun, where ' the spread i n  t h e  
possible f l i g h t  t r a j e c t o r y  may be maw times the model s i z e .  

Its cUef  advantage is 
This allows its use 

i 

CaJ.culations vere made t o  determir?e the reqiuirments for dctect , iW 
a 0.4 cm diameter sphere of' Lexan p l a s t i c , ,  mobring through 1 atrn*qT aLr 
a t  20,000 f t / c c c ,  within a c i r c l e  4 fn. in &meter. A $yztc:n t o  s u i t  
t h i s  "worst case" would u t i l i z e  a pulsed primary X-ray beam or' 10 
milliseconds duration and with an X-my potential of IO0 KV to 1.6c KV. 
To achieve +&e necessary s c a l t e r i n g  intensity, a peak emission current 
Of 1 amp i s  required. 
seve ra l  NaI-Th s c i n t i l l a t i o n  c rys t a l3  spp oximately 2 cm t h i c k  would 
be uzed. A t o t a l  detec',ion area of 10 em -and 15 cm from the flight 
path would b e  s u f f i c i e n t .  

To detect tne scn?;f,cred k-mys after ccillimation, 
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Figure L - Block Dirtgram of  Hi-Velocity X-ray Photo System. 



Figure 2.- Flash X-ray photographs of  models. 


